We consider two nonlinear El Nino Southern Oscillation (ENSO) model to obtain approximate solutions with differential transform method for the first time. Efficiency, accuracy and error rates of solutions are compared with analytic solution, variational iteration and adomian decomposition solutions on the given tables and figures.
Introduction
In the past fifty years, nonlinear problems which appeared physical phenomena, engineering applications and various of scientific areas are modelled and they are investigated by using so many computable algorithms and approximating methods. Some of these numerical methods are Homotopy Perturbation Method (HPM), Homotopy Analysis Method (HAM), Adomian Decomposition Method (ADM), Variational Iteration Method (VIM), Variational Homotopy Perturbation Method (VHPM), Reconstruction of Variational Iteration Method (RVIM) and Differential Transformation Method (DTM). Many authors studied nonlinear models to compute approximate solutions and their convergences with these methods (Ref. [1] - [10] ).
One of the nonlinear mathematical models is El Nino/La Nina Southern Oscillation (ENSO) model which is a climatic pattern that appear in the atmosphere and ocean of tropical areas. It occurs with two phases, the warm oceanic phase El Nino and the cold phase La Nina. The Natural ENSO event has a prolonged effect on the global climate. Therefore, the nonlinear ENSO models are very important and interesting subject to investigate ocean climate, atmospheric physics and dynamical systems (see more [11] - [24] ).
The Enso delayed oscillator, delay sea-air oscillator model, atmosphere-ocean model and sea-air coupled dynamical system were solved approximately, simulated graphically with perturbation, ADM, Modified VIM, Homotopy, Asymtotic and Laplace-Adomian-Pade Techniques by authors in Ref. [11] - [24] .
In this paper, we consider the two ENSO Models and compute the approximate solution and error rates by using differential transform method (DTM). Unlike the adomian decomposition method (ADM), variational iteration method (VIM) and homotopy perturbation method (HPM), the DTM transforms the nonlinear models into algebraic equations. Therefore, DTM is applied linear and nonlinear differential equations very easily. So, we perform the DTM for two ENSO models. Numerical results related to these models are shown to verify the efficiency and accuracy of the DTM compared with the ADM and VIM solutions.
Basic Definitions of Differential Transform Method (Dtm)
Differential transform method is a numerical method based on Taylor expansion. This method tries to find coefficients of series expansion of unknown function by using the initial data on the problem. The concept of differential transform method was first proposed by Zhou (Ref. [2] ).
where () yx is the original function and () Yk is the transformed function.
Definition 2:
The differential inverse transform of () Yk is defined as follows (see Ref. [2] , [7] 
From (1) and (2), we write down
Related the above definitions and from Ref. [2] and [7] , we present some basic theorems of DTM as follow:
, then transformation form
The proofs of above theorems are shown in Ref. [2] and [7] .
Definition 3:
When there exists nonlinear terms with respect to nonlinear functions, then the differential transform of these terms are defined
Here, () Ny x is the main nonlinear term and () Nk is transformed form. Definition 4: With similar way from (2), differential inverse transform of () Nk is written as
Thus, combining (4) and (5) 
In real applications, () Ny x is expressed as a finite series
Enso Model and Approximate Solution By Dtm
Problem 1: Firstly, the coupled dynamical ENSO system was considered to describe the oscillating physical mechanism as follows (see Ref. [11] , [12] , [13] , [14] 
with initial conditions as in (see Ref. [11] , [12] , [13] , [14] ) (8) and (9) can be written as
where from (5), (6) and (7), () Nk are calculated as below 
Putting (11) in place to (10) and we apply the differential transform method (DTM) to the coupled nonlinear system (10), we get the some transformed terms following 
which are interaction between sea surface temperature (SST) ( ) and thermo-cline depth anomaly ℎ( ) as in shown the Figure 1 . Also, DTM solution of some numerical values for equation (13) is obtained to verify the accuracy and effectiveness in the Table 1, Table 2 and figures 2-4.
Problem 2:
Secondly, by making some changes on the equation (8), we consider the following Enso delayed oscillator model (see more Ref. [15] , [16] , [17] );
where is time delayed and = 0 in (8) . This equation is the oscillator model which emphasizes the ocean and atmosphere interactions in the equatorial eastern Pacific and anomaly variations only in this coupling region ( see Ref. [15] , [16] , [17] ). In eq. (15), , , and are positive physical variables. Again, we apply the procedures (10) and (12) to equation (15) . Thus, we obtain the differential transform of (15) and some transformed terms of (15) as follows respectively 
We consider Eq. 8 in terms of interaction between sea surface temperature and thermo-cline depth anomaly in Figure 1 . In Figure 2 
